iclur.pas
manhole_cost = sero
bur_structure - sero
ugd_structure ~ sero
aer_structure - sero

{ Calculate soil texture impact |
soll_texture_indicator = 0
for | = 1 to MmTaxfypes

1t SusfText(i).texturs = 30il_texture then
soll_texture_lndicator ~ Surffext(i).ispact

end 1f
next
"~ should sert the SurfTeat array, use blasry search
| Calculate structure distribution ) )
{f tesdar_indicator = 0 then { this Is for distribution plun( [

tor 1 = 1 to MumbensSonass
it deneity >- DistPlantMim(i).density then *
pct_ugd = DistPlantMix([i). DpdPat
pct_bur = Distrlsntiin[i] . BusrPat
pct_ser ~ DistPlantiin(i]. AecPot
and it
naxt
else { this {s for feeder plant |}
tor i = 1 to MasDessfones
1t density >= CopFesdPlantMix(1). deneity then
pct_ugd = CopFesdPlantMix(i).VgdPot
pct_bur = CopfeedPlantiix[i].BurPat
pct_ser ~ CopFesdPlantMix(i].AezPat
end if
naxt

end §f
¥ - should set a denslty_indes variadle for use In alf subsequent ¢

eatail densliy deet aot choage

{ Cet sharing Information }

for | = 1| to Mmpensfones
It density >= Shariagli).dsnsity then
ugd_share = Shaxing(i).Ugd shaxe
bur_share ~ Shariag(i).bur share
ser_share = Sharingll).Aer_sbare
ond {(
next

{Calculate water table effect )
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structur.pas

critical _depth « copper_placement depth

if (copper_indicator - 1} and {flber_indicater =~ 1} then
critical_depth = max{copper placessnt depth, Liber placement_depth) (global.pas)

if {copper_indicator -~ 1) and {(fiber_indicator = 0} then
critical_depth'~ copper _placemant depth

it {copper_indicator =~ 0) and {(fiber_indicator = 1} then
critical_depth - fibar placesant depth

free_pct = one - pct_ugd - pct_bur - pct_ser
if free_pct < szero then fres_pct ~ sero

{ Interact water table and rock hagdness )

if (depth_to bedrock < critical depth) and (hardness = 'HARD'} then
{use hard rock values)

for =~ 1| to MumDenstones
{f density >= NaxdRockStruc{i).density then
i1t feeder_indicator ~ 1 then
ugd_structure ~ ugd_share ° SardRockStruc(i).flesdUgd
bur_structure = bur_share * BaxdiocksStrua[i).FeadBur
asr_structure ~ aar_share ° NardRockStsuc(i).FeadAer
slse
ugd_structure - ugd_share * RardRockStrua(i).DistUgd
bur_structure - bur_share * BardRockStrua(i}].DistBur
aer_structure - aer_share * NaxdRockStruc[li].DistAsr
and 1
. end 1f
ngxt

//1ooks like feed copper cable_capacity Is Jike maximum copper feeder size
it feeder_findicator = 1 then
Rumbe rOfDucts = roundicopper_lines / foad coppex_cable capacity + half)
¢ roundifiber_lines / fiber cable capacity + half) + |
elae
HumbarOfDucts - roundicopper_lines / dist_copper_cable capascity + half ) + 1}
and it

1f NumberOfDucts < 2 then NumberOlDucts ~ 2

for 1 = 1 to MmpPenefonss
1f density >- ManholeSpac{i).density then
HanholeSpacing = ManholeSpaa(i].ManholeSpacing
end 1t
next

{attempt to find the manhole with the corract number of ducts)
for { - 1 to MmManholeSizes - 1|
if HusberOfDucts >~ ManholeCost(i).DuatCap then
=anhole_cost = ManholeCost([i].NasdCost / ManholeSpacing
{ manhole cost per foot ror underground)
end it



ictur.pas structur.pas
next W - 3ee note abeve
for 1 = 1 to Mmbenslones
fadd any extra cost If necessssry) if denelity >- {(SoftRockStzuc|i}.density) then
if{ NumberOfDucts > MasholeCost[Mumianholsefizes-1}.DuctCap then it teeder_indicator =~ 1 then
manhole_cost - manhole_cost ¢+ ManholeCost {MmManholssSises) . BardCost ugd_structure = ugd_share * SoftRockStxuc{i).Feedugd
* {NumberOfDucts - Manholeloust[NMumManholefizes-1)*, Ductlap) bur_structure - bur_shares * SoftRockStxua(l).reedBur
end if Aa'r__:tmcture - aer_share * SoftRockStruc(i).reedAer
and I
alse {f (depth_to_bedrock >= critical_depth} and (soi]l_texture_indlcator = 1) then elae

ugd_structure = uqgd_share * SoftRockStrua[i).DistDgd

{ vse normal values )
bur_structure - bur_share ¢ SoftRookStruc(i).DistBur

- 1ooks lke soli_testure_{ndicator Is not used properly, above lesl should result In *soft reck’ condlilons ser_structure = aer_share ¢ SoftRockStruc(i).DistAar
end 1f
for i = 1 to Mmbensfones next
if density >~ NormalStruo(i).density then
if feader_indicator » 1 then Lt feedar_indicator = 1 then
ugd_structure = ugd_share * NormalStsuo(i).Feedogd NumberOfDucts = round{copper_lines / feed copper_cable capscity + balf)
bur_structurs = bur_share ° NormalStzuofi).rFee + round{fiber_lines / fiber cable caspacity + half) L
ser_structure = aer_share * NosmslStsuall].¥ee else ‘e
and If NumberOfDucts =~ round(copper_lines / dist coppex_cabls_capacity + half) + 1|
else 1t NumberOfDucts < 2 then RumberOfpucts - 2

ugd_structure - ugd_share ¢ Mosmalstzua(i).Distlgd
bur_structure = bur_share ° Normalgtrua(i).DistBur

aer_structure = 2ar_share * Normalgtxua[l).DistAex tor { = 1 to MmpDenskones
end it i{ deansity >~ ManholasSpaa[i).dansity then
next HanholeSpacing = ManholeSpac(i).ManholeSpacing
end if
i¢ tesder_indicator - 1 then next

NumberOfDucts = roundi{copper_lines / fead copper_cable_ capacity + balf )
¢ round({iber_lines / fiber cable cepacity s+ half) + 1
dor | = 1 to NumMapholefSises - 1
NumberOfDucts = round{ copper_tines/dist coppeas_cable capacity + half ) + | T . M HumberOflDucts >~ Manholelost(l).puotCap then
> manhole_cost = ManholeCost[i).80ftCost / ManholeSpacing

elae

end it
{ manhole cost per foot for underground}
end if
it NumberOfDucts < 2 then HumberOfDucts = 2 next
for 1 = 1 to MmbDensfones
if density >~ ManholeSpac(i).density then il NumburOfDucts > Manholaelost [{NumManholeSizes-1}.DuctCap thon
ManholaSpacing = ManholeSpaci].ManholesSpscing manhole _cost ~ manhole_cost ¢+ manholeCost (MumManholaSises] . SoftCont
end if ‘{NumberOfDucts - HanholeCost [NumManholaSises-1]. DuctCap)
nent and it
end {f
for | = 1| to MmManholesiges - 1 //adjust manhole cost for sharing
1f NumberOfDuUcts >- MamholeCost{l}.DuoctCap then manhole_cost = ugd_share * manhole_cost * 1000 [ results in dollars per kilofoot i
manhols cust - ManholeCost[i}].MormalCost / Hanhole3pacing ugd_structure = uqQd_structure * 1000
{ manhole cost per foot for undesground} bur_structure = bur_structure * 1000
end ir aeg_structure = ser_structure * 1000
next
{f (HinSlope < MimSlopsTrigyer) and (HaxSlops > MaxSlopefrigger]) then
it HumberOIDucts > ManholeCost(MmManholafSizes-1).DuctCap then ugd_structure = ugd_structure * CombSloperasator
manhole cost = manhole_cost ¢+ MaaholeCost[MmMsnholeSises). NozmalCost bur_structure = bur_structure * CombSlopefaator
- ¢ (HumbarOtDucts - Manholelost [Mmiacholasizes-1).DuctCap) s0r_structure = 2er_structure * CombSlopeFactor
and §t manhole_cost =« manhole_cost * CoabflopeFsotor

else [ use soft rock values )

[} o1



lruciur.pas

olse it (MinSlope < MHinSloperrigger) then
ugd_structure = ugd_structure ¢ MiaslopeFactor
bur_structure = bur_structure * Miaslopersetos
ser_structure = ssr_structure * MiaslopeFactor
manhole_cost = manhole_cost * MiaSlopeFactor

alse {f (MaxSlope > MamSlopefrigger) then
ugd_structure = ugd_structurs * MamflopeFaster
bur_structurs = bur_structure * MaullopeFascterx

ser_structure = aer_structure * ManflopeFsotor
manhole_cost saphole_cost * MaxflopeFaoter
and if

//adjust percentages 3o they balance to 1.0, throwing any differance lnto plaat type
with largest dollar amount
if (sc_opd strwae * ugd_structure + ag manhole * manhole_cost)
<= min( (a0 _bur struc * bur_structure)
, (ac_sex_stxwo * aer_structure)} thea

{global.pas)

pct_ugd = pce_ugd ¢+ free_pct

else If (so bur struc * bur_structure)
<= min{lso_mgd strwo * ugd_structure ¢+ ao_manhols * manhole_cost) (global.pas)

P

s (80_aer_stxuc ° aer_structure)) then d
pct_bur « pct_bur ¢ frae_pct
eise il (aa_ser struoc * aer_structurs)

<= min((so_bur strua * bur_structure) (global.pas)
, (80 _ugd atruo * ugd_structure + ao_manbole ° manhole_cost)) then

pct_ser = pct_aser + free_pct

end it

ugd_structure
Asr_structure
bur_structure
manhole_coat

ugd_structure = pct_ugd
asr_structure = pct_asr
bur_structure = pct_bur
manhole_cost = pct_ugd

//this test should wrap this function, exit If there are no lines
it (copper_lines ¢+ tiber_lines) >= half then
structure_cost_{n = ugd_structure ¢ bur_structure + aer_structurs + manhole_coaat
else
ugd_atructure ~ 3050
bur’_structurs = s8r0
aer_structurs ~ xero
manhole_cost = serxo
structure_cost_(n = sero
end 1€
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cable.pas

the two functions used outside of this module are feed_cable_cost and dist_cable_cost

funation feed_oabls_oost
passed variables:
l1ines '
density
technology
*ugd_coppaer
*bur_copper
*aar_copper
*ugd_fiber
‘bur_{iber
*aer_tiber
pct_ugd
pct_bur
pct_aer

local varlables:
i

templ

temp2

ugd?

bur?

aer2

ugd_copper ~ zero
bur_copper ~ zero
ser_copper ~ aexo
ugd, tiber = zaerxo
bur_tiber =~ sexo
ser_flber - sere

ugd? - serxo
burg? = s6rxo
ser? - zexo
templ - sero
tomp2 - sero

//1ines must be total lines
i1f lines < half then
fesd_cable_cost - sexo

alse
if {tachnology - copper26} or (technology -~ copper24) or {technology « ¢ 1) then
if 1ines <~ feed copper_cable_capacity then -
for { = 1 to MmresdCablesises
‘W - losis llke cables are wadersized here, test should be reversed, aeed te uie bresk o this loap
1f lines >= CopDistCost[i}.CablesSiss then
{ costs are input per foot; wa’re working with k¢ )
ugd_copper = pct_ugd * CopFeedCost|li}.CoatDgd * 1000
bur_copper =~ pct_bur * CopFesdCost{i}).CostBur * 1000
A8C_copper = pCct_aer * CopFeedCost|[li].CostAer * 1000
Cempl = ugd_copper ¢ bur_copper ¢+ ser_copper
end it -
next

10



elae

for i = i Lo MmfesdCableSinay

it tround (feed copper_cable_cspseityl}) - OwplesdOeet[i] . Bise then
//this 13 integer divisien,colcvioting nvabeg of asn 0148 cadlee
templ = (round(lines) div lmuoq_anan oadla_sapssityny
ugd_copper = templ * pct_wegd ¢ Copleedlvet/i). Ceetopd *
bur_copper - templ pct_hl * Copleediuet i) CostPug ° 1000
¢ pet_ser © Copleeduet (i) Costrer *
templ = ugd_copper ¢+ bus_copper ¢ sel_cepper

asr_copper = templ

end (€

//calculate residual cable slss

L1t (round{lines) mod round{fesd sceppes eable_cepscityt)

>= CopFeedCostli)”.5ize then

ugd2 » pct_uqd * CopleedCost[i].Costlypd * 1000
bur2 = pct_bur * CopFeedrostii}].Costur - 1000
sar? = pct_aer * CoplesdCost(i).Costhex * 1000

temp2 ~ ugd2 ¢ bur2 + aer?

end if
next
end if

tempt = templ + temp2

uqgd_copper = ugd_copper ¢ ugd?
bur_copper - bur_copper ¢+ burl
aser_copper =« ser_coppar ¢ aerl

24 Gauge copper is assumed 10 be & consiant mullipller of 26 gauge

1¢ technology =~ copperd thon

feed_cable_cost =~ templ

uqd_coppcr = ugd_copper

bur_coppsr = bur_coppsft

aer_copper = ser_copper
elre

feed_cable_cost -~ templ
end {f

alsa [ technology is fiber )

¢ multipiles_24
-nltlpllor 24
mitipl hr_u
multiplier 24

it lines <= fibex cable capacity then

". sec cable slalag nole sbove

tor { = | to MmFiberCableSiszes

if iines >~ FibexFeadCostl|l},slzs then
ugd_fiber = pct_ugd * FiberFeedCost(i}.CostUgd *
bur_ “tiber = pet_ “bur ° PibexFeedCost[li).Costhur *
ser_ “fiber - pct_aer * FiberFeedCost|l}.Costrarxr * 1000
u-ol = ugd_fiber ¢ bur_fiber ¢+ ser_fiber

and L€
nent
alse

tor i = 1 1o MmFiberCableSises

v - losks Hike thia should be Ader_cable_capacily

it (round{fsed copper_ocable oapacity)) >~ FiberFeedCost(i).Stse then

V - loohs like this should be Aber_cable_capacity

temp! = (round{lines) div round(feed copperx_cable capaalty))
ugd_fiber =~ templ * pct_ugd * ribesFeedCost([i].CostOpd * 1000
bur_fibar = templ * pct_bur * ribesFesdCost(l).CostBur * 1000

cable.pas

ser_(iber - cempl * pct_ser ¢ FibesFeedCost(i).CostAex * 1000
teapl =~ ugd_fibar + bur_filber + aar_fibar

and 1f
W . bests file this showld by Aber_cable_capaclty
it tround(lines) mod round{feed copper cable_capaaityj)

>« FibarfeedCost[i). Size then

ugd2 = pct_ugd * riberf¥sedCost|[1).CostUgd * 1000
bur?2 = pct_bur * FibsrFesdCost{i).CostSux * 1000
aer? = pct_aar * ribarrssdCost|i).CostAsx * 1000
temp2 « ugd2 ¢+ bur?2 ¢ aer?

end it

next

end it

templ « templ + temp2

ugd_tiber = ugd_fiber + ugdl

bur_fibexr ~ bur_fibaer ¢+ bur? .
ser_fiber - ser_tibaer ¢+ aer2

(ead_cable_cost ~ templ

and §f

end I

funation diet_oable

passed variablas:

1ines
density
qavge
*uQad_copper
‘bur_copper
‘aer_copper
pct_uqgd
pct_bur
pct_aer

local variables:

1
1

tenpl
temp2
ugd?
bur
aer?

ugd_copper
bur_coppser
asr_copper
templ
tempd

ugdl

bur?

aer2

tac0
1850
1810
10510
1810
18f0
l1sf0
L18f0

oost

{f tines <= balf then
dist_cable_cost = sero

n




le.pas primdist.pas
else peimdist.pas

templ ~ zero

temp2 -~ zexo

the only procedure used outside of this module is calculate prim distribution cost

if lines <= dist_ceppex csble capacity then - - -
for { « 1 to MumCablegises

- fooks Hie cables are undersized here, lest should De reversed, need 10 nss break an 1hls loep progsdure cumulats_lings
it t1ines <= CopDistCostii).CadbleSize then passed variables:
ugd_copper ~ pct_ugd * CopblstCost(i].Costiigd * 1000 GR
bur_copper = pct_bur * CopDistCost{i) . CostBux * 1000 n { nusber of nodes )
aer_copper ~ pct_ser * CopDistOest[i].Costhsr * 1000 _to
templ = ugd_copper ¢ bur_copper ¢+ aer_copper 1ine_vector
end it DistToNode
next DistToSAI
alse cuts
for 1 = 1 to MumCablefizes density
if (round(dht_ooppcr_ublo oapacity} <= CopDistCost(i).CableSize} then FillFactor .
tampl = {round{lines) dlv round{dist_ocopper_cable capascity)) ‘dist_cost
ugd_copper = teapl * pct_ugd * CopbistCost(l).Costlpd * 1000 *ugd_cable J
bur_copper = templ * pct_bur ¢ CopDistCeat]l).CostBur * 1000 ‘bur_cabile N
aer_copper = templ * pct_ser * CopDistlost(i).Costher * 1000 “aer_cabie
templ = ugd_coppex ¢ bur_copper ¢ ser_copper *ugd_structure
end it *bur_structure
‘aer_structure
it tround{lines) mod round(dist_ocopperx_ocable_capsaity)) *‘HanholeCost

>= CopDistCoatli).Cablefise then
ugd2 = pct_ugd * CopblatCost[i).Costigd * 1000

bur2 = pct_bur * CopblstCostli).CostBur * 1000 local variablest
ser2 = pct_ser * CopblistCost(i).Costrss * 1000 c
temp2 ~ uqgd2 ¢ bur2 + ser2 i
and it ne
next LI
end {f was Tut
926 _ltnes
924_lines
templ - tampl ¢+ temp2 structure_cost
ugd_copper = ugd_copper + ugd2 cable_cost
bur_coppar = bur_copper ¢ burl technology
aer_copper = ser_copper s ser? uel
) bel
1f gaugs = 924 then sc)
dist_cable_cost = templ * multiplier 24 uc?
ugd_copper ~ uQd_copper * sultipliex_ 24 be2
bur copper - bur_copper * maltipliex 24 ac2
ser_copper = ser_copper * multiplier 24 us
elss bs
dht_cnbh_con - templ as
and 1t ah
penalty
and {f pct_ugd
pct_bur
pct_ser
us ugd_structure
bs ~ bur_structure

as
ah

a8r_structure
HanholeCost

1 i



pas

_BLIUCLUTE ~ g4KO
_3LTUCtUCE ~ se50
_structure ~ sero

solelost ~ gero

_cable - gofro

cable - garo

“cable - sero

- - 2850

-~ garo

= zaro

- Rero

! -~ E8XD

! ~ 29KO
- cutsfl)

i t = 2¢ton
17 cutafii>nc than
nc » cots(tl
end {f
Bxt

or i =~ ) ton
was_cutii) = false
oxt

or 1 = L taan
qzt_llnca{ll ~ ZeKo
g24_tinaa{l} = zero
VAL

for L ~ 2 tan
if DIstToSAL{Ll > copper_gsuge_movex then
Q24 _linestl) - Yine_vectorfi}
alse
g26_1inesfl) = tine_vaectorii]
end It
next

dial_cost ~ sero

tor ¢ » 1 to nc
for | =2 ton
1T not(was_cut{ij} then
tf cutsfii=c than
kK = _tolll
926_linas(k} - 928 _itines{ki + q26_linas(t]
Q24 _tines(x} = g24_tines{k] ¢ g24_llneatt})

it 926 _tinesli] ¢ g24_Yinesil) > rero then
stTuctura_cost = Tl struoture ooek_fa
pass varisblest
926 _Linaa{s]¢q24_Llinea(t}
]

(structur.pasj
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primudist.pas

gensity
GR.hacdaass
GR. bapthToBedrock
GR.SoilTesture
Gh.MinSiope
CR.MaxSlope
' GA.HatarTh
0
1
]
*us
*ps
*as
*mh
‘pet_ugd
‘pet_bur
‘pct_aer
}

cable_cost ~ call diat_ocable_sost - call dlogﬁoabl.~ooaé(cable.paal

pass variables:
q24_iines(i)

pass variables:
g26_tines(t]

density donsicy
g2é q24
‘ucl ‘uc?
*bel ‘bc?
*acl cac2
pet_ugd pct_ugd
pct_bur pct _bur
pct_aar pcr_ser

else
csble_cO3t = x&to
STrUCture_cost « zsro
ucl = sere
pc) = ssro

ac) = aerp
uc? ~ zefo
bc2 - xero
AC2 = zero
us <~ zero
bs <« asso
a3 = X850
[ ] ¥ {-]
end if

if (926 _lines{i} + q24_tlnas{i]) > 1.0e-6 then
it DistToSAI{l] > mex_copper_disteoce then
penalty ~ NaxCoppexPenalty
else
penalty « oss
end it

W . thiy penalty calculatisn is repeaind elsewhere

diast _cost - dlist_cosat + {structure Cost » cable_cosr)
* DistToNode (i} * penalty

ugd_cable -~ ugd_cable ¢ {ucl » ucl?) * DistToNoda{i} *+

penality

16



Ist.pas

bur_cable = bur_cable ¢+ {bcl + bec2) ¢ DisttoNode{l] * penalry
ser_cabdle = aex_cable ¢ [ac) + ac2) * DistToNods|l) * penalry

ugd_structure = ugd _structure + us * DistTolodell) * panalty
bur_structure ~ bur_structure ¢+ bs * DistToHode{{] * penaity
ser_structure = aer_structure + as * DistTolode (L] * penalty
ManholeCost = ManholeCost + mh * DistToNode{i] °* penalty

end i

wans_cuti{i} = true
end
and
next
next

sduxs prune

psssad variables;

n {f number of nodes |
_to

* cut_ord

loval variables
total}_cuts
cut_num

was_cut

i

cut_(t

total_cuts = 0

tor 1 = % ton
cut_ordi{l] - 0
nent

cut_num = |

tor 1 =1 ton
was_cotil] = falsa

next

repast
for { ~ 2 ton
if not (was_cut{i]) then
cut_1lt « true
for § = 2 to n do
{t nat (was_cut(}]) then
{r _tol}) =~ { then
cut_it - false

and if

17

= e
primdist.pas
and {1
next
if cur_lt then
cut_ordil) ~ cut_nua
was_cut{i) = true
total_cuts - total_cuts ¢+ 1
end it
end ¢
next

cut_pum = cut_num ¢ 1}

until) tora)_cuta = n - |

tunction provisionsl_ocost
passed varllp(onx

Y ST S | (2deit L PLer, ot Arep téchinat]
pus] berma (s RiNE totaYinuaber, of, drop téems 1n 8A)
linas

GR

dist { dlstance to the tree }

dist23A1 | distance to the SAIl via tree )
density ! average density ftor tses )
fFillFactor

{Calculates 2 provisional distribution cost for a4 given customar based on allocating
both structure ana cable coat betwecn the customer and the tres, and s cable cost

on{y tor the entiro distance from the customer (o the SAl.|

local vacriables:
cable_cost
n201§

n612

n9é

n2d

qauge

uc

be

ac

us

bs

a

ah
structure_cost
sc_structurs
ac_cable
penalty
pct_ugd
pct_bur
pct_ser



rimdist.pas primdist.pas
L L <= num_termsTthan )" {Yook only'ati1iva nodal  which sre’ ladexdéd 1 . {num_terms} pct_aeg

{ First, make the technology determination. ) ac_cable - ag ugd cop * uc ¢ ac_bur cop * bc ¢ ac_ser_cop * ac

tr diat25A1 > copper_gauge xaver then
if lines > 0 then

gaugs = 924 ]
alse provisional_cost ~ (ulst * ac_structurs + dist2SAl * ac_cable) * penalty
qauge ~ 26 slse
snd {f provisional_cost - saero
_end tf

W1dé
{f dist2SAl > max_copper_distance then {ix!preVl stonal éont 4, dlat71000
penalty = MaxCoppexPenalty
else
penalty = one
end {f

end il

procedure prim_tree ;

{ Now calculate structure and cable costs.) passed variables: A
GR
structure_cost = call struoture cost_fn (structur.pas) n | number of nodes, Including SAI )
pass variables: line_vector
lines [ datx { distance matrix}
0 density { density for SA )
density FiliFactor
GR.hardness ¢ from { 1ist of lots, with #1 ~ SAl |}
GR.DapthToBedrock *_to { Jot that each node points to |}
GR.Soi1Texture *dist2node | diatance from sach lot to next node |
GR.Minslope *dist2SAl | distance to switch from each lot )
GR.Maxslope
GR.HaterTh 1
P local;constants:
i
0 dlarge - 399999999.9
*us
*bs local varlables:
‘as
*mh i
*pct_ugd ]
‘pct_bur k
‘pct_ser 1
- a
b
ac structure - sc _ugd struc * us ¢ ao bur_etrua * bs ¢+ aa_aex_stxuc ° as ¢
e + ao_manhole * sh dl
' d2s
cable cost = call dist_osbls cost {cable. pas) ain
- pass variablaest Ldx
tines dist
density dist2
Qauge cost
‘uc technology
*be
cac for { = 1 to n do
pct_ugd afi} - true
pet_bur bit} ~ 0
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rimdist. pas

ci{i) =~ dlarge
di[l} =~ sexo
next

c{l} = zerxo
d2s{l} = serxo

for { = 2 to n
d2s{i} = dmtx{i) (1)
next

3 -1

for { = 2 ton
min - dlarge
for ¥ = 2 ton
1f (k <> §) then
it afk} than
dist ~ dmtx{j) k)
cost = call provisional_ocost
ll. vnrlubloot
i mprarp 4oyt g e Y it e e
BENRY SRR R YRNORINA A W;' T) "u"'f
aR
dlnt dist
density
fillFactor

density
Fillfactor

i1t cost < c(k} then
ci{k} = cost
dl{k) = dist

b(k) =~}
end {f
it min > cik) then
min - c(k)
I =R
dist2 = di{x] ¢ d2e(bik))
end it
end If { if a(k} )
end If
naxt k
-1

alj) = fslse
d2s{l) = dlst2

next §
(or § = 2 to a do

_fromli} = 4
Teold] = BIL)

« line, vcctor(l)

diat2sal - dist ¢+ d2s{))

G

(primdisc.pas)

primdist.pas

dist2node{il) =~ dl(i}
dist2SAL{L) = d2s(1)
next

_from{l} -1

cofl) -1
dist2node(l] ~ zexo
dist28Al{!] = zero

prooedure get_lines
passed variables:
GR
density
rom
col
NS_lots
E¥_lots
lines
‘n
*line_vactor
‘%
'y
‘drop_terminal cost
*Na_nTd_cost
*drop_cost
*drop_fest

local variables:

3

factor
1ines per_lot
total_lots
drop_langth
pct_ugd
pct_bur
pct_aer

top

us

bs

as

sh

drop_terminal_cost - sero
totai_lots =~ EW_lots * N3_lots
lines_per_lot ~ lines / total_lots

1=1
loop while L <= LM_lots

factor = ooe
y-1
loop while § <~ N3_lote
{ Takea in lots on both sides,

top and bottom, unless this 13 4 microgrid |

[ 2]




primdist.pas primdist.pas

i border, in which case take In lots only on one side, If it is the )
{ corner, take In only one lot. } { Now we need to calculate drops Lo customer locations )

drop_length = wser_lambda * 0.%

if (1 = EW_lots) or {j = HS_lots) then
factor =~ 2 » sqrtleqr{{l / NS_lots) °* GR.MicroGridinS * DistRoadFacntor)
else o, sqr{{} / EW_lots) * GR.MicroGridtw * DistRoadractor)
f;ctor ~d ¢ (1 - user_lambda} * .5 ° (1 / NS_lots) * GR.MicroGrldNS - DiatRoadFsctox
end
if drop_length 2> man_drop_leagth then
it (1 - £W_lots) and (§ = NS_lots) then drop_length - max_dsop leagth
tactor = one End it
end {f
drop_cost ~ total_lots ° drop_length * cost_per_drop Xxf
n o= n+l
drop_feet - total lots * drop_length
line_vector{n} =« factor ° lines_per_lot *
{ Finally, calculate cost of nids for this microgrid |
x{n) = GR.LowerLeftX ¢+ {col - 1} * GR.MicroGridEW + | * (ons / EW_lots) )
yin) = GR.LowerLeftY + {row - 1} * GR.HiCCOGridNS + § * (ome / N3_lots) MG_nid_cost - ald cost * total lots e

tmp =~ call struoture_oost_fn (structur.pas)

pass varlables: proaedurs calculate prim distribution cost

passed variablas:

line_vector(n]
] “ GR
dansity num_SAls
GR.hardness SAIX
GR.DepthToBedrock SALY
GR.Sol1Texture density
GR.MinSlope FillFactor
GR.MaxSlope linea
GR.HaterTb ftiag
[} *prim_distribution_cost
|} *prim_lina_fest
0 ‘prim_drop_feet
‘us ‘prim_drop_cost
‘bs *prim_nid_cost
‘a2 ‘prim_lines_served
*ah ‘prim_tesrm_cost
*pct_ugd ‘MaximumDlstance
spct_bur *ugd_cable
‘pct_aer *bur_cable

; ‘ser_cabla

‘ugd_structure

‘bur_structure
(terminal.pas) “aer_structure

*‘ManholeCost

drop_terminal_cost -~ drop_terminal_cost
+ call dxop‘t.rnlnnl_ao-t_tn

pass varisbles:
tactor * linas_per_lot
density local varisbles:
pct_ugd t
pcL_bur ]
pC!_lO( n
3
J-1+2 midx
end loop () <= N3S_lots} nldy
lots
£M_lots

1= 1e2
end | while 1} NS _lots

i "




e
I — =
—

£ ko= 1 to num_SAls

Rt
pricmdist.pas primdist.pas
aT708
cable_cost
structurs_cost for & ~ 1 to GR.nrou
total_iinss for 3 ~ 1 to GR.ncol
sat_LInkpisrance If ttragti, 31 = %) and (Linesil, 3} > zero) then
€l Tines lots ~ raund(GR housenoldasli,)) * takerats)
osige s round(GR.buslines(L,§) / Iines_pes_bua)
penaity 4
ue call lot_divids {Jotdiv.pas}
be pass variables:
ac lots
us *N3_lote
v3 *EW_lots
> call get 13
-h " nes 1 i .
dmta pass varlablea: {primdiac.pas)
x GR
y density
1ine_vector t
trom {
te round (N5_lots) '
cut_ord . round(EW_lots)
pist ToNode :"‘"“-ﬂ
DistTo3AL "l\l
route_distance . Jline_vacror
tcost ‘ .;
cid_droptam_cost
:rtd‘dr:: cost *grld_dropterm_cost
qudanld cost *grid_nild_caat
q(‘d‘dn’; fest *grig_drop coax
dist cost sgria_drop_feet
rast”
prim_drop_cosc =~ prim_drop_cost + grld_drop _cost
. prim_ntd_cost =~ prim_nld_cost + erd:nld_zo“
prim_distribution_cost = sere N prim_term cost - prim _term_cost ¢+ grid dropters cost
prim_drop_cost - zexo o l:tl-_dtop_{.u. - prim_drop_fest ¢ grid _drop feet
prim_nid_cost ~ 2010 ""t‘;‘ £
prim_term_cost = saro next 1
pr\- drop_feat - saro
|od_clb!0 - gaxo
wr _ceble - S8KO - o
as cable - zexe Aum tarmg s W 7SL1 indabec ot drop tarminalell not, fncluding BAJ)
gd_structure - 2856
ur_steucture -~ 28X0 YAdA: . - - . . N L.
vr_structure - soxo IFAQD StathariJunct Lo Todes  atieachilhte1ca” polnt [aldng axes " thiolgh 31" TokationT)
wnholaCont » moxo e SRR W AT, '
\xisumbistance - 2850 ""?} Et 6. ncot C e
{m_lins_fest -~ gero }:‘l} - :?’;“"N"u“x KO LU I3
Ankvaotor (aFA I e

{ First, we heed to set up ths distance matrix to ba used by PrimYres. ) ‘l‘ .1 A% 1)
A(L) - SAIRIAL l:‘; chui..mg, 21R11)
R vy (nfanincar 1) Mu.uah LTt YRSV RORIHI cxo0rLdng

yit) = SALt(R}
1ins_vector|l} ~ aerc
ne=1

[ 34
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list.pas

R AR S GRAGPYNVON; Bifow N
Tigudcarnala(nemiudtan; 4311 () Wi Yvait TEha_niahibé ot ) ivelAodes  to ‘tncluds’ the 'SAT |

for { = { to a do

for § = ) to } do
dmtx (L) () = (abs(xlL}] - xt3)) + abslyf{il - y{3l}} * DistRosdFactor

dmtx{}} (i) - dacx{l) )

next 1§
next 1

{ Now calculate the spanning tree. |

call prim tree
pass variables:
GR

n

1ine_vector
antx

density
fFillFactor

s _trom

s _to
*DiscToNode
*DistToSAlL

| Datermine cuts by pruning branches |}

call prune
pass variables:
n

_to

‘out_ord

i Accumulasts lines st

call ocusalate_lines
pass variables:
GR

n

_to
line_vector
Diet ToNode
OistTOSAL
cut_ord
density
FillFactor
*dlsc_cost

*uc

*he

cac

‘us

‘b

‘as

aach nodw,

and sum total feader cost )

iprimdist.pas)

{primdist . pas)

(primdisc.pas)

L7

primdist.pas
*ah

prim_distribution_cost = prim_distribution_cost + diat_cost

ugd_cable = ugd_cable ¢ uc
bur_cable ~ bur_cable ¢ bC
aer_cable ‘= aer_cable ¢+ ac
ugd_structure = ugd_structure * us
bur_structurs = bur_structure ¢+ bs
ser_structurs - aer_structure ¢+ as
HanholeCost = ManholeCost ¢+ amn

tor { =1 ton
1f DistToSAI[i}) > MaximumDistance then MaximumDistance = DlatToSAI[L}
nent

for { -1 ton
prim_line_feet « prim line_fsat + Yine_vector{l] ¢ DLatToSAI{1}
next

next &



mfeed.pas

imtend.pas

s three proceduraes avalilable

cumulate_lines
prune
prim_tres

cosdure cumulate_lines
passed variables:
n | nuaber of nodes )

_to

DistToNode
pistToSwitch
cuts
structure_cost
density
FillFactor
*fesder_cost

staed dpiitebpst

*ugd_cable
spur_cable
saer_cable
sugd_fiber
‘bur_fiber
‘asr_tiber
“ugd_structure
shur_structure
‘asr_structure
sHanholeCost
pct_uqd
pct_bur
pct_ser

local varlsblest

<

i

nc

X

wap_cut
g26_Lines
q2d_1ined
ti_lines
tiber iines
154 TEIAND
cable_cost
technology
n2016

n6?2

n9é

n24

ucl

outside of this module are1

[ 3

primfeed pas

bet
acl
utl
(13
att
uc2
be?
ac?

uf2
bt2
af2
uc)
bec)
scl)
ufl
bt)
(18]
vod
ot
ol
o4
ot
ot4
us

bs

a8

ah

fcel
tcel
tib_lines

« ugd_structu
bs = Bur_structu
- aer_structu
~ ManholeCost

ugd_structure =~
bur_structure =
ser_structure =
ManholeCost -
ugd_cable -
bur_cable -
ser_cable -
ugd_fiber -
bur_fliber -
ser_tiber -
ucl -
bel -
acl -
utl -
bl -
afl -
uc? -
bc? -
sc? -
ui? -

re
te
e

2450
58K0
xero
2650
aero
sero
2810
28K0
28K0
seaxo
aex50
2850
sero
28ro
20X0
28x0
820
R8KOo
28xo
nero



:d.pas

o A b W R

—~

(o0 g o

1650
2850
18x0
s8ro
2670
s8xo
sexo
seso

DO T TN DO N N BN N |

BRI
CppdeTP bl b

i figst, make the technology datermlnation. }

for { = 2 ton

ir

j <= oum Sas ¢+ 1 than
call asloulats_fesder technolagy
pass variasblaes:
Disttodwitchil]

i -1

denstity

filltfactor
*technology

*n201§

“n672

*n96

*n2d

pct_uqd

pcy _bur

pet_aserx

)

{tech.pas)}

by for L = 2 to nodo 4f cuta{ti’nc then nc = cutsii]

nc = cutsil}

end (

next

for | =~} ton
was_cutii) = falae

next

for { = 1 ton
926 linesfi) =~ 2ERO
924_1ines|i) - SERO

[3)

Tines{i) =~ tERO

eibar’ eubuoll) -8

b tor Jiei1it0410

{~;» tretbes 1ines {11175 1XN0
as::

ﬂQl(

for § = 2 to n

it

I <= puwa_S$as ¢+ 1 then

91

primfeed.pas

selact case SA_artayfi-)).feader_tschnology

case copperlé

926_tines{i] ~ SA_array{i-}}.ResLines / FillFaccor

+{SA_arcayli-1}).BusLines

~ 11 /12 * SA_srrayli-1).SwitchedOs)
! - 31/ 12 ¢ SA arrayli-1).SpclhccessDsl) / till¥actor

tl_linesjt} - (SA_srray(i-1}.Suitchodnsl
v SA_sreay({l-1].SpclAccessnSt)

cane copper2d

/ FillFactor

924 1ines{l) - SA_acrrayfi-1).Restines / FillFfactor

+{SA_arrayf{i-1).BusLines

EECAVAT SA_arrayfi-1}.Switchednst
- i1 /12 * SA_arrayli-1).SpeiaccessDSty / tillFactor

tl _lines{i} - {SA_nrtiyli-ll.SuttcnchSl
v SA_arrayli-1}.SpclAccesadsti

case v 3

/ FillFacuor

vi_Sines{t] - (SA_array{i-1].ResLines / FillFfactor
¢ SA_array{i-1).8uslines / FillFactor)

* ti_sgedundanay faotor / 12

case llber

fiber_lines{i} = ISA_asrrayii-1}.02016 + SA_arrayl(i-1}.n672
+ SA accay({-11.n36 ¢ SA array{i-1].n24)

* 4/ ribaecsrtlirsctor

end salect
nent

end &f

teadar_cost ~ 2ERO
feed_splics cost - EKERO

for ¢ = ) to nc
for | = 2 ton
1 notivwas_cutil}) thea
1t cutafi}=c then
k= _toff)

926 lines{k| - g26_lines{k] ¢ 926 linesfi}
924 _Linesfk] = g24_Llines[k] + 24 _1lnesat{l}
tl_!tnll(kl =t} ltna:(kl ¢« ti_tines{iy

jdo fiber Jines’ first]

[wa Jook at splicing coftywhdreTeconddically ettiotant)

ilt tlbnr ‘cebies|1]05 0 thed
- teel = zexv
,ull?- aaxv
‘btlis gexv
i"ltl‘1 aexc

Y 1y

H
(e L T a2l sare
{ LA I pe2 e nere

951



cd.pas primfeed.pas

L A «" ™ALy &THeke
ﬁ.‘f;‘-.”ib i J.mih Aeibyl (ke = nerd

; oﬂmuﬁmbh"db-ﬂwun"ﬂ!ii)tdlncl‘

W% 11 LR B 1@y SO | ARV Wik U SRR LY N ¢ 19 %1 (RASHCT T Y F IR T T Y
‘ .\o.d’ﬂb.‘ﬂ"’ﬁqdﬂl i-'l' n~ pnmuaa.m
‘pur it 1baridlbuc 'f V'nlattoriode (11
DLser taberiy .:-z Khi“ Stzanode (A1

Ytist Vi AR YR L (1 0buts ¢7 lﬁ?’! ﬂ'wil‘?g

it dos YA TE TILE R 8 Had L Stanadx e X ratile: \unu
hnlesRIkERn) . (0 REC DM : hn:»'babl‘ ‘&bhs(n

_‘T,l.g M’E AWELEETonada (L]

qv 13 Lpult 1ficables))

7!131‘!}'!{qd"ﬂb’lt""‘inf acdigtecliodetty
o bury t1hadi ¥ibur Piber ¥ ne1 i DlattoNbde (1)
a:,‘—'u: (lbo:‘- nrA_Hhar hnn + Distrolode(1]

TS
v"‘fx‘moﬂ: 11 e
l!t‘.“.t”;yl L3 '{* ﬂw Wi 'Iﬂopdtl"ﬂnnl‘,"'ﬂbl‘i Yt dase)t nodét ) ;

sgth: i Ator 3 = 1rts tibakicabrdsis)
-'~“ ‘T. i i: ,},-.den‘unnun tiberlcabléd {R1F917~ tibek Linas {1} 4}

IR IZE LUV ST R ber  Eap) ST X TET Ibe€dap 1 aa [KY TR 2R B0k cablas (1)

B R e

gm‘ \M’,’fm'mn‘bl' pas) cable_cost = c3ll feed oable_oost {cable.pas)
pass variables:
t Q26 _lines(l)
. density
copper?é
fucl
‘bel
cact
*ufll
‘bfl
catl
pce_ugd
pce_bur
pcr_sar

LropELAtIa]

-

call feed_aable_oast tcable.pas)
pass variableat

Q\IB'HMX!!H‘PQH‘_X}S:& B TAf SISO TN S R Y 8 q24_Llines(i]
T,iz". 3 Ay pASST NSy ﬁ;;;::;‘
BT E L T vy R L] AETAESGRTbT  aedy, suc?
L =
e T VIS cwrem: r3821EIpLactakote ()T tuf2
}‘..')! FHE ALe s S"!'f : Ly ‘kﬂ“t [Aéd}bablat) z:g
.'H‘ RRAT SRR yt 2yl ﬁ.ﬂmﬁli‘lmﬂ(&?r Sod IpLIEFICEIL IR Yap1Lod_ deat pct_ugd

12} 94



pce_bur
pct_sec

-

call feed ocsble ocost {cable.pas)
pass variables:
ti_lines(i}
density

t 1

*uc)

“bel

*ac)

‘utd

‘bl

*std

pce_ugd
pct_bur

pct_aer

bl onli-focd - babia abala oo n st "l- L\A" &

BRI AL L L L 3.2 of Amm’nu‘ " ma 1e -
ARV YO T _

ol AL} .t

R LSOl

Ad g AR Mt b e
" et b

it (926 _Lines{l] + g24_1ines{1l]) ¢ tl_lines(i}+ fiber_cablesil]
> 1.0e-§ then
faadar_coat = fesder_cost 4 (struckure_cosl ¢ cable_cost)
* DistToNode|i)

ugd_cabla - ugd_cable ¢ {ucl + ucl? + ucl—+-wed) * DistToNodel(il
bur_cable = bur_cable ¢ (bcl ¢+ bcl? v bel-4-bed) * DlatToModelll
ser _cable - ser_cable ¢ (acl + ac2 + ac)-+—sed) ¢ DistToNodel!l]

-

us * DistToNodel!l)
bs * DistToNodell]
a9 ¢ DistToNodeli}
sh * DistToNodell)

uod:nttucturo = ugd_structure
bur_structure = bur_structure
asr_structuce -~ Aer_structure
HanholeCost = ManholeCost

and it
was_cut[i] = true
end LI
and §f
nent 1
next ¢

93

prim{eed.pas

proasdure prune
passed varlables:

n { number of nodes )

_to
“cut_ord

.

local variables:
total_cuts
cut_num

was_cut

i

b}
cut_it

total_cuts - 0

for L » 1 ton
cut_ord{i} - 6
nent

cut_num = 1

for £ = 1 ton
was_cutli}) = false
neat

repest
for | =2 ton
- cut_it - true
for § = 2 ton

it not {vas_cut{i}) then

1L not {was_cutljl) then
if _tofi) ~ 4 then
cut_Iit ~ false

end {f
and {f
neAt

if cut_it then

cut_ord[i] = cut_nua

was_cutli) = true

total cuts - total_cuts + i

end 1¢
end {f

cut_nul - cut_nu- .

untll total _cuts = p - 1

function provisional ocost
passed variablaes:

1



rimfeed.pas

i

dist
dist2switch
density
ftlifactor
ac_structure
pct_ugd
pct_bur
pct_aer

local variables:
cable_cost
n2016

né12

n96

n24

iines
teachnology
uc

bc

ac

uf

bt

at
sal_index

{ indexes tha S5AI )

{ distance to the tree |

{ distance to the switch via tree |
{ average density for tres )

{Calculates 2 provisional feeder cost for a glven SAI based on allocating both
structure and cable cost between the SAI and the tres, and a cable cost only for
the entire distance from the SAI to the switch. )

tf i <= num BAs then {look only

at *1ive* nodes., which are Indexed )..num SAs |

{ First, make the technology determination. |}

call oaloulate_feeder_tschnology icach.pass)
pass variablas:

dist2swlitch
i

denpity
FillFactor
syechnology
*n2016
‘nd72

‘n9é

*n24
pet_ugd
pct_dur
pct_aer

{ Now calculate structure and

cable costs, assuming that geologlc factors

throughout feeder route are the sama as those for this SA. |

9

primfced.pas

sslect case technology

case tiber
1lnes ~ (n2016 ¢ n672 + n36 + n24) * 4 / ribexrillragtor

case t_1
1ines ~ SA_Arr.yll).llnn: ¢ t1_xesdundancy faotor VARV

case elase
1ines = SA_array(i].ResLines / FillFactor ¢ (3SA_array{l).Buslines
- 11/ 12 * SA_arrayli]).SwitchedDs]
- 11/ 12 SA”ArrAylll.SpclAcc-ssDSl) / FillFactor

and selact

csble_cost - call feed_oable_oost {cable.pas)
pass vacisblaes:
lines
density
technology i
‘uc ‘
‘bc
‘ac
‘ut
bt
‘st
pce_ugd
pct_bur
pct_asr

if lines > then
provislonal_cost = dist * ac_structure s diat2Zewitch

b ¢ (so_ugd cop * uc ¢ 80 bur_cop ° bc ¢ a0 aer cop * ac
3 + ac_ugd £ib * uf + ag bux £ib * bt + ac_ser fib * at)
sloe
provisional_cost = sero
end It
alse

provisional_cost - dist / 1000

end i1

proceduse pria tree
passed variables:

n t number ol nodes, Including switch )
datx { distance matrix |

density { average density for tree |

fillFasctor

ac_structure

e _from { 1isc of SAIs, with #! - awitch )

*_to { SAI that each node points to |}
*dist2node { distance from sach S5AI to nent node )

”
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.pas

st2switch
_ugd
_buc
_ser

:al constants:
arge =~ 995399999.95

cal varlables:

1
125
an
jax
Jist
dist?
cost
rechnolagy

for | = 1 ta a do
ai} ~ xrue
ot} -0
cti} = dlarge
di{i} ~ zero
nexg

ci{l} = =exo
d2si{l} =~ asso

for t ~ 2 ton
d2s{i} =~ dmex}i}ir}

next
3~

for 1 ~ 2 ton
min ~ dlacge
for x = 2 ton
1f (k <> 3} then
- 1t skl then
dist = amex{jjtxl
cost = cell provisiocaal oost

pass variablesy
k-1

dist
disted2s{il
density
Filifactor
ac_structurs
pct_ugd
pct_bur

| distance 1o switch [rom sach 3Af |

"

iprimfeed.pis}

primfeed.pas

pct_ser

1t cost < cik} then
cik} = coat
ol in} = disc
. bixl =~ |
end it

if min > cl{k] then
ain « cfk}
1 =X

dist? ~ di{k} ¢ d23] Dix} )

and {f
and {f
and (€
next k

-1
at3) - talse
azatl}l - dist2

nent §

tor 1 = 2 ton
_tromji} = {
Toft) = bii}
dlst2nodell) = 03t}
dist2awitchil} - d2sii)
noxt

_trom]l} -1}

_to]l) =}
digt2nodall} ~ nere
atsctswitchi{l} ~ zeso



imsai.pas
imsal.pas

0 only procedure used outside of this function is out_llnk_coit

‘oceduse cumulate_lines
passed variables:
n { numbesr of nodes )

_to

ds0_lines

plst ToNode
Disttolrimary
cuts

dansity

SA

*link_cost
‘term_cost
n9é

“n24
‘ugd_cable
‘bur_cable
“ast_cable
‘ugd_structure
*bur_structure
‘ser_structure
*‘ManholeCost

R

i1ocal variables
c

i

nc

X

was_cut
tl_lines
cable_cosat
technology
structure_cost
ue

be

ac

vl

bf

at

us

bs K
as

nh

tmp
pct_ugd
pct_bur
pce_aer

technology = ¢_1

nc ~ cutsill

1ot

primsai.pas

for { ~ 2 ton
it cuta{i)>nc then
nc = cuts(l)
end 1t

for 1 = 1 ton
wap_cuti) = (alse
next

for { =1 ton
tl_lines{}) ~ szeso
nent

for 1 =2 ton
ti_lines{i] = ds0_linesa(i} * ¢t1_redundancy factor / 12

next

link_cost « sexo
tarm _cost = merxo
ugd_cable - g8rxo
bur_cable = sego
aer_cable - sero
ugd_structure = seso
bur_structure = sero
aar_structure = sexo
HanholeCost - sexo

for ¢ = 1 to nc
tor 1 = 2 ton
if not(was_cut(i]) then
it cuts{i}=c then

X - _cofd)
! ti_ilneals] ~ t1_lines{k) + tl_linea(l)
. it tt_lines(i] > half then

tap = call struotuse_oost fa
pass varlables:
tl_lines(i)
]
density
SA.hardness
SA.DepthtoBudrock
SA.SollTexturse
SA.HinSlope
SA.HaxS8lope
SA.HaterTh
1
1
0
‘us
‘bs
‘as
‘ah
*pct_ugd
*pct_bur
*pct_aer

elsa

{structur.pas}



rimsai.pas

end

tmp ~ call struoture_cost_fn

i

pass variables:
9999

0

density
SA.hardnenss
SA.DepthTolBedrock
SA.S5011Texture
SA . MinSlope
SA.MaxSlope
SA.HaterTh

1

1

1]

‘ua

‘bs

‘as

*ah

*pct_ugd
“pct_bur
*pct_aer

structure_cost « tmp

if t1_lines{l} > half then

elae

tap =

tep =

call feed_oable cost
pasy variables:
tl_iines(i)
denafity

t 1

‘uc

*be

‘ac

‘uf

‘bt

*af

pct_ugd
pct_bur
pct_aer

call feed_osbls ooat
pass varisbles:
9999

dansity

t_1

‘uc

‘bec

‘ac

sufl

‘bt

‘at

pct_ugd
pct_bur
pcL_aer

(structur.pas)

{cable.pas)

{cable.pas)
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end it

csble_coat - tmp

if ti_linea{l] > half then

tmp = call tl_terainal coast_£n

elae
tmp =
n36 =
n24 -
end if

term_cosat
tink_cost
ugd_cable

bur_cable
aear_cable

pass varlables:
ds0_1ines|i}

*‘n96
*n2d

ac24

0
1

~ term_cost ¢+ tmp

link_cost + (structure_cost + cable_cosk)

{terminal. pas)

pDistToNode(l] * DistRoadraator

ugd_structure =
bur_structure =
ser_structure -
HanholeCost

ugd_cable + uc * DistToNode (1]

*DistRoadractor

bur_cable + bc * DistToNode([l] * DistRoadractor

ssr_cable + ac * DistToMode(l]

ugd_structure
bur_structure
aer_structure
ManholeCost

was_cut(i] - true

end if
end it

next |

next

L

procedure prune

pass
n
_to
*cut

toca
tota

cut_
was_

1

Cul_

tota

tor

next

ad variables:
{ number of nodes |}

_ord
1 variablesn:
1_cuts

num
cut

¥4
1_cuts = 0

1 =1¢ton
cut_ordli} -~ 0

*
3
.
*

us
bs
as
an

* DistToNode(l])
* DistToNodae(i)
* DistToNode{{)
* DlstToNode(l}

.

* DistRoadfactor

DistRoadFactor
DistRoadFactox
DistRoadraator
DistRoadFactor



rimsal.pas

cut_num = 1

for L =1 ton
was_cut{l] « falee

next

repeat
tor i -

2ton

if not (was_cut(l)) then

cut_it = true
tor § =2ton
if not {was_cut{j]} thea
it _toljl=i then
cut_Lt - false

end {f
end it
next 3

{f cut_it then

cut_ord{i} = cut_num
was_cut{i] = true
total_cuts = total _cuts ¢ 1

end if
and it
next §
cut_num =~ cul_num ¢ 1

until total _cuts = n -1

rocadure prim_tree
passed variables:

n { number of nodes, including primary SAl )}
| upper triangle of distance matrix)
! list of SAls, with 1]l - primary }

+_to { 8ring fosward lines fros previous microgrids |
!
{

datx
¢ from

«di
*d2p

local constantsi
dlarge = 999999999.9

local variables:

distance from each SAI to naxt nods !
distante to primary [rom esch SAL )

103

primsal.pas

for { = { to n do
a{i} =~ true
b{i} - 0
cii) -~ dlarge
dill) - serxo
next f

cll) = saso
d2pll} = zerso

tor 1 =2 ton
dipli] = omtxii}f(l}
next

i1

for 1 = 2 to n
min = dlarge
tor X = 2 to

i (x o
it »

end
end 1t
next X

1} -1
slf) = talse
d2pll) = dist

next {

for | = 2 to n d
_from(i} - 1
_tofi) - bit

nent

_trom(l) = 1
_tofl] - 1

n

§) then

[k} then

dist = dmtx{j] (k]

cost = dist

Lt cost < c(h]) then
cl{k] = cost
di (k) = dist
blk] =~}

end it

it min > c{k) then

min = clk)

1 =k

dist2 ~ difx}) +» d2p(b(k))
end L f
1t

2

]

provedusa get_link_ovet

passed varisbles
number_of _SAlS



rimsal.pas

SA

SAT_
satx
aly

1ines

denaley
*tink_cost
‘term_cost
*1ink_line_feet
‘nc9é

*nc2

‘ugd_cable

*bur

cabla

‘aer_cable

‘uqgd_structure
‘bur_structure

casrxr

_structure

*HanholeCost

loca
uc
bc
ac
us
ba
as
mh

»n

} variables:

_from

to

DistToNestTerm
pistTofrimary

cuts
i
b}

Lerm_cost = 5850
1ink_cost =~ seto
ugd_cable ~ zero
bur_cable = sero
aer_cable = zero
ugd_structure = saso

bur

structure = sarxo

ser_structurs = xero
HanholeCost - zarxo
link_line_feet = saro

{f number_of _SAls > 1 then

{ First, set up distance matrix between SAls...|
for 1 = 1 to number_of_SAls
for § = 1 to number_of_SAls do
mii) i) - abs(aaix(t)-saix{3}) ¢ abs(saiyll)-satyl}))
next
next i

call prim_tres iprimsal.pas)

pass varisbles:
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primsal.pas

n ~ number_of_ SAls

dartx - =
¢ from = from
s to =~ _to

d1 - DistToNextTera
*d2 - DistToPrimary

call pruna

pass variables:

n = aumber_of_ SAls

_to -_to

‘cut_ord = cuts

call cumulate lines

pass variables:

n

_to
ds0_lines
DistToNode
DistToPrimary
cuts

density

SA

*link_cost
‘term_cost
*n9%

“n2d
‘ugd_cable
*bur_cable
‘aer_cable
*ugd_structure
‘bur_structure
‘taer_structure
*‘Banhole_cost

-

number_of_SAls
to

"SA1_lines

DistToNextTerm
DistToPrimary
cuts

- density
- SA

link_cost
tarm_cost

~ nc3é

nc2d
uc
bc
ac
us
bs
as
ah

ugd_cable = ugd_cable ¢+ uc
bur_cable = bur_cable ¢ bc
a87_cable = aer_cable + ac

ugd_structure =~ ugd atructurae
bur_structure = bur_structure
her_structure = aer_structure
= HanholeCost

HanholeCost

s

A3
mh

. e e

for 1 - 1 to number_ol_SAls
tink_line_feet = link_line_feut ¢+ SA! linesa(l) * OistToPrimary(l)

next

end If

(primsai.pas)

{primsai. pas}
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rminal.pas

tminal.pas

ree functions are used outside of this modula:

tiber_terminal_cost_fn
ti_terminsl_cost_{n
drop_terminal_cost_fn

notion fiber_tarminal oocat fa
passed variables:
l1ines
distance
density
‘n2016
‘n672
‘n9é
‘n24
pct_ugd
pct_bur )
pct_aer

local variables
cost
mincost
min2016
min6?2
min9é
min2¢

i

b

k

12016
1672
196

124
cabcast
ue

be

ac

uf

bt

at

iCalculates cost of fiber terainals for s given number of D030 lines served,
including number of terminals of sach slse, vaing integer search, )

1t lines > half then
mincost = 1.0e+16
tor L = 0 to round{ lines / 2016.0 ¢ bhalf )
tor § = 0 to round{ (lines - 2016.0 ¢ 1) /672 + balf )
for X = 0 to round{ (lines - 2016 “f - 672 * §) / 96 + half )

n2016 - |
né?2 = 3§
n%é - X

n2é » round{(lines - 2016 * n2016 -~ 672 * n622 - 96 * n96)/24 + half)

1f n24 < 0 then n24 = 0

terminal.pas

12016 - min{2016.0 * n2016, lines ) (global.pas)
1672 - ain( 672.0 * n672, linea - 12016 }
196 - min( 96.0 * n96, lines - 12016 - 1672 )
124 = lines - 12016 - 1672 - 196
cost = a2016 * n2016 + b2016 * 12016 + ak72 * néMN2
+ LEIZ * 1672 + aP€ * n%6 ¢+ bPE * 198 + a2d¢ * 024 ¢ L24 ¢ 124

.

cabcost - call fasd_cable_ocost (cable.pas)

pass variablesy

linea ={n2016 + n€12 + 096 ¢ n24) * 4 / FiberrillFagtos
densicy = denaity

technology <~ fiber

‘ugd_copper ~ uc

*bur_copper = bc

‘asr_copper = ac

*ugd_(iber =~ uf

*bur_fiber ~ bf

*aer_tiber =~ af !
pct_uqd - pct_ugd ’
pct_bur = pct_bur

pct_aar = pct_ser

cost - cost ¢+ cabcost * dlitance

if cost < mincost then
mincost =~ cost
min20t6 ~ n2016
ning?2 = n622

min96 ~ n9é
min2d = n24
and it
) next k
next 1

next |

n2016 ~ »in2016
né72 - ainé?2

n3é ~ aind¢
n24 ~ aln24

cabcost = call fead cable_cost

{cable.pas)

pass vaciables:

lines
density
teachnology
‘ugd_copper
*‘bur_copper
‘asr_copper
‘ugd_fibec
‘bur_tiber
*aer_tiber
pct_ugd
pet_bur
pct_aer

= (n2016 ¢+ n62 + n%6 ¢« n24) * 4 / riderriliraccor
- density
fiber
ue

be

ac

uf

bt

at
pct_ugd
pct_bur
pct_aer

L2 O N D N 2N I N I |
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terminal.pas

il.pas
fiber_tarminal_cost_(n =« mincost - cabcost * distance
nc¥é - 0
e nc24 - 0
n2016 - 0 ti_terminsl _cost_fn - 1ero
né?2 - 0 -
n9é » 0 end if
n2¢ - 0 '
fiber_terminal)_cosr_{n ~ sero funation dsop_terminal_coet_fn
passed variables:
nd i 1ines
denslty
pct_ugd
per_bur
on ti_terminsl oost_fn pct_aser
assed variables:
ines local variables: .
‘nché i
temp !

‘nc2d
local variables: temp = xerxo

cost
mnincost {f 1ines < 1.0e-6 then
mindé drap_terminal_cost_fn - 1aro0
min24 . else
i
196 temp - ssro
124 for 1 = } Lo NumDropTesrminalfises
il lines >~ PropTesmCost|i}.aize then

temp =« pct_ugd * DropTermCost[i).Costlipd
¢ pet_bur * DropYemmCost|i}.CostBur

tCalculates cost of t-} terminals for a given number of DSO !ines served, including
number of terminals of each sire, using integer search. | + pct_aer * DropfermCost{1).CostAer
B and {f

L lines > half chen ndx¢

mincost = 1.0arlé

for 4 = 0 to round{lines / 96 « half ) drop _terminsl cost_{n = temp

nc¥6 ~ ¢
end it

nc24 = round{{lines - 96 ¢ nco8) / 24 ¢+ halr )

if nc24 < 0 then nc2é - O
196 =~ min{96 * nc96, lines) iglobal.paaj
124 = lines - 196
cost ~ ac%6 * nc96 ¢+ bcYE ¢ 196 ¢+ ac24 * nc24 v DC24 ¢ 124
if cost < mincost then
aincost =~ cost
mind6 = ncoé
min2é = nc24
end 31
next

ncdé ~ minsé

nc2é - ain24
t1_terminal_cost_fn « mincost

elss

(RN 11?



cch.pos

ech.pas

he only procedure used outalde of this sodules fe calculste fseder tochasiogy

rrooceduse oalaullto_tooda:_toohnoluqy
passed variables:
feeder_distance
1
density
FillFactor
*technology
“n2016
*n672
‘n36
‘n2d
pct_ugd

pct_bur
pct_aer

local variables:

-

n
tmpl
tap2
tapd
c26
c24
ctl
ct
126
124
1l
it
uc
bc
ac
uf
bt
af

n2016 -~ 0

ne12 = 0

ndé =« 0

n24 = 0

technology = copper2é

SA_arcay|i).tiber tersinal_cost < xero
SA or:lylll tl tnr-lnal cont - sexo
SA nrrny(ll lntorlnco coBt = 2850

SA_arrayli). n2016 ~ 0
SA Arrlylll né?2 - 0
SA_arrayli).n96 = 0
sA_areayf{l].n2d - 0
SA Arrny(l) nc%é - 0

1}

tech.pas

SA_array(i).ncld = O

126 = SA_array{i).ResLines / FillFactor
¢ {8A a:r.ylll Busiines - 11 / 12 * SA_srray(l).SwitchadDSt
~ 31 / 12 ¢ BA_acrayll}. SpclAcceasDSl) / FillFactor

124 =~ 124

1t = (SA_array{i].Reslines / FillFactor + SA_arrayfi).BusLines / Flllfactor)
¢ t1_redundancy factor / 12

tmpl ~ call fiber terminal ocost_fn {terminal _pas)
pass variables:

iines « SA_arrayii).lines / FillFactor

distance =~ feesder_distancs

density = SA_array{i}.density

*n2016 - n2016

*n672 - né12

*n9b - n%6 K
*n24 - n24 .
pct_ugd = pct_uqgd

pct_bur = pct_bur

pct_aer = pct_aer

tmpl = tapl * ag f£ib texm
1f =~ (n2016 + néI2 ¢+ n96 + n24) * & / FibexFillractor

{ Calculate provisional terminal costs. Note that the terminal cosc fns uas DSO
equivalent lines, so we need the f11)l factor, but not DS! calculations.)
tmp2 = call tl_tn:-ln&l_poat_tn {terminal pas)
< pasa varlsbles:
~> llnes « SA_arrsyli).lines / FillFactor
*nc9é - n96
*nc2é = n24

tmp2 = tmp2 * s0_tI_tamm
tmp) ~ zero

for n = 1 to MmXCBoxSises
if 126 >= IntfoCost[a] . Mumlines then
tap) - IatfcCostin).cost
end it
next

tmp) = tmpltac_fdi

{ We will choose feader technology by least-cost under the assumptlion that easch

SA sends feeder directly to the switch without sharing cable. |

c26 = call feed osbls_oost {cable.pas)
pass variables:

lines - 12§
density - density

b4



